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THE  USAF  SCHOOL  of  Aerospace  Medicine 
(USAFSAM)  has  had  a  man  rated  human  centrifuge 
since  1963.  Technologic  advancements  in  aeronautics 
and  engineering  have  continually  made  aircraft  capable 
of  attaining  higher  and  higher  acceleration  levels.  These 
technical  advancements  put  severe  demands  on  the  in¬ 
dividuals  piloting  these  high  performance  aircraft; 
therefore,  the  USAFSAM  centrifuge  has  been  utilized 
to  investigate  human  G-tolerance  limits  and  the  phys¬ 
iologic  response  to  G  stress.  Investigation  in  these  areas 
has  continually  required  the  use  of  volunteer  human 


The  research  reported  in  this  paper  war  conducted  by  personnel  of 
the  Clinical  Science*  and  Crew  Technotofy  Division*,  USAF  School 
of  Aerospace  Medicine,  Aerospace  Medial  Division,  AFSC,  United 
State*  Air  Force.  Brooks  AFB.  Texas.  The  voluntary  informed  consent 
of  the  subjects  used  in  this  research  was  obtained  in  accordance  with 
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subjects  since  animal  models  have  absolute  limits  when 
being  used  to  extrapolate  to  in-flight  human  perform¬ 
ance.  Additional  benefits  of  the  human  centrifuge  are 
G  training  and  orientation  to  the  high  G  environment. 
Trainees  include  aircrewmen  who  fly  in  high  perform¬ 
ance  fighter  aircraft,  not  only  pilots  and  navigators,  but 
also  flight  surgeons  who  want  to  know  their  G  tolerance 
and  to  gain  confidence  in  their  ability  to  perform  ap¬ 
propriate  protective  straining  maneuvers.  Orientation 
to  the  high  +Gz  environment  is  important  to  flight 
surgeons  who  must  care  for  those  aircreWmen  exposed 
to  G  stress  and  investigate  aircraft  accidents  and  inci¬ 
dents  which  involve  questions  of  acceleration  stress. 
Physiological  training  officers  also  require  a  detailed 
knowledge  of  acceleration  physiology  and  the  various 
methods  and  equipment  used  to  enhance  G  tolerance. 
Finally,  aeromedical  researchers  working  in  hypergrav¬ 
itation  frequently  consider  that  a  first-hand  appreciation 
of  the  problem  can  be  achieved  only  by  experiencing  G 
stress.  The  USAFSAM  centrifuge  has  also  been  used  in 
the  medical  evaluation  of  aircrewmen  with  medical  ir¬ 
regularities  that  might  be  exacerbated  during  +Gz  stress. 
Since  these  reasons  all  necessitate  human  exposure  to 
acceleration  stress,  strict  medical  precautions  must  be 
taken  to  ensure  minimal  risk  to  the  individuals  exposed 
to  G  stress,  especially  the  volunteers  used  in  experi¬ 
mental  research. 

Although  the  basic  concern  for  absolute  well-being  is 
the  same,  fundamental  differences  exist  between  human 
exposure  to  G  stress  for  reasons  of  training,  medical 
evaluation,  orientation,  and  exposure  as  a  research  sub¬ 
ject.  Use  of  human  volunteer  subjects  for  research  gen¬ 
erally  requires  long-term  intermittent  exposure  to  G 
stress.  Much  of  the  time  the  G  levels  are  very  high  and 
sustained  until  the  individual  is  completely  exhausted. 
Training,  orientation,  and  medical  evaluation,  on  the 
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other  hand,  generally  require  only  one  or  two  exposures. 
Physiologic  monitoring  of  the  experimental  subject  fre¬ 
quently  puts  an  additional  burden  of  stress  on  the  re¬ 
search  subject  that  is  not  required  of  the  other  individuals 
exposed  to  G  stress.  For  these  reasons,  a  rigorous  medical 
evaluation  has  been  required  for  individuals  volun¬ 
teering  to  be  exposed  to  G  stress  as  experimental  subjects. 
It  is  the  purpose  of  this  report  to  describe  the  current 
medical  requirements  and  standards  used  at  USAFSAM 
to  select  individuals  who  are  at  minimum  risk  for  mem¬ 
bership  on  the  acceleration  stress  panel. 

Requirements  for  All  Acceleration  Exposures 

Anyone  who  is  to  be  exposed  to  levels  of  increased 
acceleration  must  have  completed  a  USAF  Flying  Gass 

11  physical  examination  (Air  Force  Manual  160-43, 
Chapter  Four,  Medical  Standards)  within  the  preceding 

12  months.  All  actively  flying  USAF  aircrewmen  will 
have  successfully  passed  this  examination  or  have  re¬ 
ceived  an  appropriate  waiver.  The  Flying  Class  II  ex¬ 
amination  includes  a  complete  medical  history  and 
physical  examination  in  addition  to  the  routine  clinical 
laboratory  tests  (blood  and  urine),  12-lead  electro¬ 
cardiogram,  and  chest  X-rays  (PA  and  lateral).  Pro¬ 
spective  panel  members  are  not  required  to  actually  pass 
all  the  USAF  Flying  Gass  II  standards.  The  examination 
does  serve  to  document  the  individual’s  medical  con¬ 
dition,  such  that  the  medical  consultant  and  medical 
monitors  responsible  for  the  health  and  safety  of  all  of 
these  subjects-to-be,  can  determine  their  suitability  for 
exposure  to  G  stress.  Certain  medical  conditions  will 
disqualify  an  individual  for  USAF  Flying  Gass  II  duties 
but  not  for  duties  on  the  USAF  acceleration  stress  panel. 
Among  these  are  conditions  of  the  eye,  such  as  a  mod¬ 
erate  degree  of  myopia  and  defective  color  vision.  This 
ensures  that  many  motivated  subjects  with  benign  visual 
disorders  will  not  be  excluded  from  participation. 

High  +Gi  Acceleration  Stress  Panel  Members 

Subjects  being  considered  for  membership  on  the 
USAFSAM  high  +Gz  acceleration  stress  panel  will  have 
an  exercise  tolerance  test  using  the  USAFSAM  treadmill 
protocol  (speed  3.3  mph  with  3%  grade  increased  for 
each  3  min  of  successive  exercise)  in  addition  to  an¬ 
teroposterior  and  lateral  X-rays  of  the  cervical,  thoracic, 
and  lumbar  spine.  These  are  performed  after  it  has  been 
determined  that:  1)  the  individual  has  an  acceptable  G 


tolerance  as  measured  by  the  standard  USAFSAM  med¬ 
ical  evaluation  protocol  ( 1 2)  including  medical  test  pro¬ 
files  of  rapid  onset  rate  (1  G/s)  up  to  +7  Gz  for  IS  s 
with  anti-G  suit;  and  2)  the  patient  remains  motivated 
for  further  exposure  to  G  stress. 

We  have  recently  required  the  addition  of  an  echo¬ 
cardiogram  to  be  completed  prior  to  final  acceptance 
on  the  USAFSAM  acceleration  panel.  The  entire  man¬ 
datory  medical  evaluation  and  the  order  of  completion 
are  shown  in  Table  I. 

Rationale  for  Requirements 

The  object  for  any  and  all  requirements  for  medical 
testing  is  to  assure  the  continued  good  health  of  subjects 
exposed  to  acceleration  stress.  The  welfare  of  the  subject 
cannot  be  overemphasized.  The  acceleration  research 
performed  at  USAFSAM  is  in  support  of  those  who  fly, 
specifically,  aircrew  of  fighter-type  aircraft.  Our  subject 
population,  therefore,  should  be  selected  to  simulate  as 
closely  as  possible  this  aircrew  population.  Current  use 
of  qualified  aircrew  is  not  possible  on  a  routine  basis. 
Since  continued  performance  of  flying  duties  requires 
successfully  passing  a  Flying  Class  II  physical  yearly, 
our  subjects  are  required  to  meet  the  same  standards 
with  few  exceptions.  Even  though  color  vision  and  visual 
acuity  standards  are  not  required  to  be  rigorously  met, 
myopia  requiring  more  than  5.00  diopters  of  correction 
in  any  meridian  is  disqualifying,  since  individuals  with 
high  myopia  may  have  a  tendency  to  develop  retinal 
detachments  (1). 

The  individuals  on  the  acceleration  stress  panel  gen¬ 
erally  are  all  USAF  active  duty  personnel  stationed  at 
Brooks  AFB.  Although  we  are  not  required  to  have  an 
age  limitation,  we  have  not  used  individuals  age  40  yr 
or  above.  Most  of  the  subjects  are  young  airmen  in  the 
early  to  mid-twenties.  The  mean  age  of  the  panel  mem¬ 
bers  over  the  past  3  yr  was  28  yr.  With  this  young  age 
group,  the  use  of  the  treadmill  exercise  test  becomes  an 
unreliable  screening  test  for  the  presence  of  coronary 
artery  disease  (4,10).  We  recognize  that  any  change  in 
the  S-T  segment  or  T-wave  during  exercise  is  associated 
with  a  high  probability  of  being  a  false  positive  test. 
Since  we  are  dealing  with  an  untrained  individual  in 
whom  we  have  not  invested  considerable  time  or  re¬ 
sources,  we  consider  a  positive  treadmill  test  to  be  dis¬ 
qualifying.  If  a  very  unique  individual  with  specific 
talents  for  enhancing  a  research  project  were  to  have  a 


TABLE  I.  MANDATORY  MEDICAL  EVALUATION  FOR  USAFSAM 
ACCELERATION  PANEL  MEMBERS. _ 


1.  USAF  Flying  Clast  II  Physical  Examination 

a.  History  and  Physical 

b.  12-lead  EKG 

c.  Clinical  laboratory  test  (blood/urine) 

d.  Chest  X-rays  (PA  and  lateral) 

2.  CentriAaae  Orientation* 

a.  Medical  Evaluation  Protocol  (GOR,  ROR  and  GOR  with  M-t/L-l) 

b.  Minimum  G  tolerance  (ROR  to  +7  G*  X  15  s) 

3.  Maximal  Treadmill  Exercise  Test 

4.  Echocardiogram  (M-mode  with  2-D  echocardiogram  if  M-mode  abnormal) 

5.  Complete  Spine  X-ray  Seriea  ^ _ _ _ 

*OOR  -  Gradual  Onaet  Run  (IG/tS  s) 

ROR  -  Rapid  Onset  Run  (IO/») 
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positive  exercise  test,  in  light  of  the  very  high  probability 
of  false  positivity,  we  would  consider  accepting  him  on 
the  panel  if  the  individual  had  a  normal  gated  Thallium- 
20 1  myocardial  perfusion  study  performed  (11).  False 
positive  exercise  tests  may  also  not  be  “false”  positive 
and,  as  described  in  a  recent  report  on  strenuous  exercise 
and  sudden  death,  certain  abnormalities  which  can  lead 
to  sudden  death  can  be  identified  using  myocardial  scin¬ 
tigraphy  (2,9).  The  primary  purpose  of  the  treadmill 
exercise  stress  test  is  not  for  detection  of  individuals 
with  S-T  segment  or  T-wave  changes,  it  is  to  assure  a 
normal  level  of  fitness,  a  normal  heart  rate  response  to 
exercise  stress,  and  the  absence  of  significant  stress  in¬ 
duced  dysrhythmias.  From  previous  work  we  know  that, 
in  normal  acceleration  panel  members,  centrifuge  stress 
testing  is  more  dysrhythmogenic  than  treadmill  exercise 
testing  (13);  therefore,  if  a  significant  dysrhythmia  is 
seen  during  treadmill  testing,  then  its  probability  of  re¬ 
curring  or  worsening  is  high  if  the  subject  is  exposed  to 
high  sustained  +Gz  stress. 

The  requirement  for  a  complete  cervical,  thoracic  and 
lumbar  spine  X-ray  series  (anteroposterior  and  lateral) 
is  related  to  the  severe  head  to  foot  spinal  stress  that 
occurs  during  +Gz  stress.  Evidence  of  degenerative  disk 
disease,  including  Schmorl’s  nodes,  is  disqualifying.  Also 
disqualifying  are  congenital  or  acquired  anomalies  of 
the  vertebrae  themselves,  including  transitional  verte¬ 
brae,  although  minor  degrees  of  spina  bifida  occulta 
(1  mm  or  less)  may  not  be  disqualifying.  Each  ques¬ 
tionable  case  is  reviewed  with  a  radiologist,  and  dis¬ 
qualification  for  spinal  abnormalities  is  generally  based 
on  the  recommendations  set  forth  by  Kazarian  (6). 

A  normal  echocardiogram  is  now  considered  essential. 
The  test  is  simple  and  without  risk  to  the  individual. 
A  recent  review  of  sudden  and  unexpected  death  in 
young  athletes  which  occurred  during  or  just  after  severe 
exertion  revealed  the  most  common  cause  of  death  to 
be  hypertrophic  cardiomyopathy  (8).  The  structural  car¬ 
diovascular  disease  seen  in  these  athletes  with  sudden 
death  was  rarely  associated  with  coronary  artery  disease 
and  could  only  have  been  noninvasively  found  by  means 
of  echocardiography.  No  significant  anatomic  or  path¬ 
ologic  findings  were  found  in  any  other  organ  system 
in  the  athletes  with  sudden  death,  again  emphasizing 
the  importance  of  the  heart  in  exertion-related  sudden 
death  in  young,  apparently  healthy,  individuals.  Em¬ 
phasis  should  also  be  placed  on  obtaining  a  detailed 
family  history  in  light  of  these  findings  to  assure  no 
predisposition  to  familial  cardiovascular  disease. 

Disqualification  Experience 

The  past  2  yr  of  disqualifications  (Table  II)  exemplify 
use  of  the  described  medical  standards  (with  the  excep¬ 
tion  of  the  echocardiogram,  which  was  only  recently 
required).  This  table  does  not  include  those  individuals 
with  gross  disqualifications  found  during  the  Flying  Gass 
II  physical.  As  can  be  seen  from  Table  II,  the  mqjor 
medical  conditions  resulting  in  disqualification  were  ab¬ 
normalities  found  on  spine  series  (eight  subjects)  and 
electrocardiographic  abnormalities  (four  subjects).  The 
electrocardiographic  abnormalities  consisted  of  one  in¬ 
dividual  with  an  abnormal  response  (S-T  segment 
depression)  to  treadmill  exercise  testing  and  three  in- 


TABLE  11.  REASONS  FOR  DISQUALIFICATION  OF 
INDIVIDUALS  VOLUNTEERING  FOR  ACCELERATION 
RESEARCH  AFTER  COMPLETING  FLYING  CLASS  II 
PHYSICAL  EXAMINATION  (2-YR  HISTORY).* 


Reasons  for  Disqualification 

Number  of  Occurrences 

Medically  Related: 

(13) 

Spinal  X-rays 

8 

EKG/Arrhythmias 

4 

Excessive  Myopia 

1 

Centrifuge  Related: 

(ID 

Motion  Sickness 

5 

Low  G  Tolerance 

3 

Loss  of  Consciousness 

Subiect  Related: 

3 

Lack  of  Motivation 

(8) 

Total 

32 

•Total  number  of  individuals  completing  the  Flying  Class  II  physical 
examination  was  8 1 ,  resulting  in  40%  disqualification  after  the  com¬ 
pletion  of  the  physical  examination. 


dividuals  who  developed  significant  stress  dysrhythmias 
during  +  Gz  stress  after  they  had  been  accepted  as  mem¬ 
bers  of  the  acceleration  stress  panel.  Of  the  volunteers, 
five  could  not  overcome  motion  sickness  and  declined 
to  continue,  and  three  others  who  suffered  an  uncom¬ 
plicated  loss  of  consciousness  episode  during  +Gz  stress 
also  declined  to  continue.  Three  individuals  were  not 
allowed  to  be  panel  members  because  of  their  very  low 
tolerance  to  G  stress  (they  could  not  tolerate  +7  Gz  for 
1 5  s  after  repeated  training  and  multiple  attempts  to  do 
so).  Although  motion  sickness,  low  G  tolerance,  and 
loss  of  consciousness  in  these  1 1  cases  could  be  classified 
as  lack  of  motivation,  they  could  be  further  identified 
as  to  a  more  specific  reason  for  disqualification.  There 
were  eight  other  individuals  who  clearly  were  not  com¬ 
pletely  motivated  to  participate  in  .frequent  strenuous 
+Gz  exposure  and  declined  continued  participation. 
The  32  disqualifications  represented  28%  of  the  indi¬ 
viduals  who  aspired  to  be  on  the  acceleration  panel  dur¬ 
ing  the  2-yr  period  (114  total  applicants). 

Acceleration  Induced  Symptoms 
Over  the  past  3  yr  of  using  these  medical  standards 
we  have  had  no  medical  problems  of  consequence.  We 
consider  the  lack  of  problems  to  be  due  to  the  cautious 
screening  described  above.  In  addition,  caution  during 
continued  monitoring  of  human  subjects  being  exposed 
to  high  sustained  -t-Gz  also  prevents  serious  symptoms 
from  evolving.  Table  III  lists  the  established  reasons  for 
aborting  a  G-stress  run  on  the  centrifuge.  Table  IV  lists 

TABLE  III.  CRITERIA  FOR 
ABORTING  ACCELERATION  RUN. 

1.  Loss  of  100%  peripheral  lights  or  50%  central  light 

2.  Heart  rate  >200  bpm 

3.  Significant  cardiac  dysrhythmia 

a.  Frequent  PVCs  (>5/min) 

b.  Multiform  PVCs 

c.  Paired  PVCs 

d.  Ventricular  bigeminy/trigeminy 

e.  Ventricular  tachycardia 

f.  Supraventricular  tachycardia 

g.  Stress-induced  bradycardia 

4_An£unusualj«it^orotfieMgitgMfns_^^^^^^^^^^^ 
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TABLE  IV.  TYPE  AND  NUMBER  OF  OCCURRENCES  OF  Gz-INDUCED 
SYMPTOMS  OVER  THREE  YEAR  PERIOD.* 


Number 
of  Occurrences 

Symptom  Description 

16 

Abdominal  pain 

16 

Arm  pain 

1 

Clonic  movements 

5 

Disorientation,  vertigo 

3 

Hyperventilation 

67 

Loss  of  consciousness 

2 

Loss  of  consciousness  with  severe  convulsion 

IS 

Neck  pain 

16 

Petechial  hemorrhages 

2 

Scrotal  hematoma/discomfort 

•This  3-yr  period  included  exposure  of  $44  subjects  on  2,066  separate  +Gz  stress 
exposures  composed  of  9,831  +Gz  stress  runs. 


the  type  and  frequency  of  all  symptoms  which  have 
occurred  over  the  past  3  yr  during  acceleration  stress. 
These  are  the  results  from  the  exposure  of  544  different 
individuals  to  9,831  runs  on  the  USAFSAM  centrifuge. 

Discussion 

It  is  important  to  provide  prospective  panel  members 
with  accurate  information  regarding  the  potential  haz¬ 
ards  associated  with  high  sustained  G,  and  further  to 
describe  to  them  the  actual  symptoms  and  problems 
that  have  been  experienced  during  past  human  exper¬ 
imentation.  Table  V  shows  the  potential  hazards  that 
all  subjects  are  currently  briefed  before  being  allowed 
to  undergo  any  acceleration  stress.  Careful  documen¬ 
tation  of  all  symptoms  associated  with  acceleration  stress 
provides  important  information  for  clinicians  in  the  field 
who  see  pilots  exposed  daily  to  G  stress  and  also  to 
researchers  who  are  trying  to  optimize  G-protective 
equipment  and  techniques  (14).  A  comparison  of  the 
current  potential  hazards  briefed  to  volunteer  subjects 
(Table  V)  and  the  actual  symptoms  experienced  (Table 
IV)  reveals  that  adequate  information  is  being  conveyed 
to  the  volunteers.  Review  of  the  reasons  for  medical 
disqualifications  reveals  that  a  significant  number  of  in¬ 


dividuals  were  disqualified  for  asymptomatic  spinal  ir¬ 
regularities  and  for  cardiac  dysrhythmias.  Considering 
the  recent  reports  in  the  medical  literature  on  sudden 
death  related  to  structural  cardiovascular  disease  (8), 
we  have  made  an  additional  requirement  for  having  a 
normal  echocardiogram.  Mitral  valve  prolapse  found 
by  echocardiography  would  also  be  disqualifying  because 
there  is  an  as  yet  uncharacterized  subset  of  individuals 
with  this  condition  who  are  at  risk  for  malignant  dys¬ 
rhythmias  and  sudden  death  (3).  Although  the  additional 
requirement  for  a  normal  echocardiogram  will  un¬ 
doubtedly  result  in  additional  expense  and  possibly  more 
disqualifications,  we  consider  its  noninvasive  nature  and 
the  additional  assurance  of  cardiovascular  normality  to  ! 
be  essential  for  hazardous  duty  qualification  in  a  high 
sustained  G  environment.  To  date  we  have  not  had  any 
serious  G-related  problems.  Actual  harm  to  subjects  has 
been  reported  to  occur  in  3-4%  of  other  research  projects 
(5),  but  most  of  these  occurrences  were  trivial  or  only 
temporarily  disabling;  however,  fatal  incidents  have  oc¬ 
curred  (7).  Even  when  we  have  observed  significant  dys¬ 
rhythmias  such  as  ventricular  tachycardia  in  subjects 
exposed  to  high  sustained  G  stress,  retrospective  eval¬ 
uation  including  echocardiograms  has  failed  to  show 


TABLE  V.  POTENTIAL  ACCELERATION  HAZARDS  DESCRIBED  TO 
EACH  SUBJECT  PRIOR  TO  ANY  EXPOSURE  TO  +Gz  STRESS. 


I.  Symptoms: 

a.  Blackout 

b.  Loss  of  consciousness 

c.  Seizures,  convulsions,  amnesia,  confusion 

d.  Vertigo 

e.  Motion  sickness,  vomiting 

f.  Dyspnea 

g.  Pain,  fatigue 

II.  Trauma: 

a.  Pneumothorax 

b.  Muscle  soreness 

c.  Vertebral  body  compression  fractures 

d.  Herniated  nucleus  pulposus 

e.  Petechial  hemorrhages 

f.  Swelling,  lower  extremities 

g.  Scrotal  hematoma 

h.  Hernia 

III.  Cardiac  Stress: 

a.  Dysrhythmias  (Tachyarrhythmias  and  Bradyarrhythmias) 

b.  Heart  Mocks 

c.  Stress  cardiomyopathy _ _ _ 
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any  cardiovascular  disease  or  other  causative  etiology. 
We  consider  that  high  sustained  G  is  extremely  stressful, 
and  every  precaution  should  be  taken  in  an  experimental 
setting  to  protect  human  volunteers. 

Conclusion 

Since  current  and  future  fighter  aircraft  will  continue 
to  easily  exceed  human  tolerance,  acceleration  research 
will  continue  to  be  high-sustained-G-oriented.  To  carry 
out  high-sustained-G  research  a  panel  of  trained  human 
volunteer  subjects  is  essential.  It  is  difficult  to  find  and 
keep  a  sufficient  number  of  individuals  who  are  moti¬ 
vated  to  participate  repeatedly  in  high-sustained-G  re¬ 
search.  Rigorous  medical  standards  are  absolutely 
necessary  to  assure  maximum  safety  in  a  research  setting. 
Medical  standards  must  also  be  realistic  and  not  dis¬ 
qualify  without  sound  reasons.  The  needs  of  principal 
investigators  eager  to  qualify  panel  members  for  their 
research  projects  must  be  considered  and  weighed  in 
light  of  established  medical  standards. 
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